expected, oedema was not considered to play any part in the change. Observations on the baboon, however, a species in which swelling is very prominent, showed that it represented a true oedema, and suggested that the swelling is due to transudation of fluid from the capillary bed into the intercellular spaces [Zuckerman, 1930] . Since it was known at the time that sexual-skin changes are due to oestrogenic action [Allen, 1927; Hartman, 1927; Zuckerman, 1930; Parkes & Zuckerman, 1931] , it followed that oestrogen itself is responsible for water retention. This conclusion was established in a study of the water balance of a normal pig-tailed monkey, M. nemestrina [Krohn & Zuckerman, 1937] , and of the rhesus monkey, M. mulatta, when injected with oestrogen [Fisher & Zuckerman, 1937] . Some indication of a change in erythrocyte concentration [Guthkelch & Zuckerman, 1937] , as yet unconfirmed, also suggested that the swelling is probably associated with a shift of body-water.
About the time of these latter studies, Thorn & Harrop [1937] and Thorn & Engel [1938] reported that oestrogens lead to a general retention of water in the male dog, an animal without a sexual skin. The avidity of the uterus for water when acted on by oestrogen was then emphasized by Astwood [1938] . His finding agreed with longestablished conclusions derived from the histological study of the uterus of many species of mammal, including man, and also with more specific experimental observa¬ tions that had been made on the rabbit [Fagin & Reynolds, 1936] and monkey [Van Dyke & Ch'en, 1936] .
A study was accordingly made of the shift in body-water that occurs in young female rats when injected with -oestradiol. The results of this experiment, which were reported in a preliminary note [Zuckerman, Palmer & Bourne, 1939] , suggested that oestrogenic stimulation has a direct effect on the water-content of a number of tissues. Those studied appeared to fall into two groups, the changes in the one being roughly reciprocal to those in the other. In the first group, which included the uterus, vagina and skin, water-content increased during the first 6 hr. and then fell, rising unchanged, and then rose above its normal level during the period when it was low in the first group of tissues. It fell again when the water-content of the first group of tissues underwent its second rise. Corresponding observations were made on normal and castrated male rats injected with oc-oestradiol, and on normal mice in oestrus and dioestrus.
In the 10 years that have passed since the publication of this preliminary note, no corresponding study appears to have been made of any other sex hormone. Isolated non-quantitative observations have been recorded about the changes which these substances induce in the water-content of the accessory reproductive organs, but with few exceptions none about possible changes in other tissues. Among the excep¬ tions are Selye's [1944] observation that oestrogen causes oedema of the skin of hairless mice, and Ludden, Krueger & Wright's [1941] report that oestrogen leads to water retention in the kidney. On the other hand, several studies have been made of the influence of adrenalectomy and deoxycorticosterone on the electrolyte balance of the body. Most authors report that deoxycorticosterone increases the sodium content of striated and heart muscle, but observations on changes in other tissues (e.g. brain, liver, kidney) after adrenalectomy and after treatment with deoxycorti¬ costerone, appear somewhat equivocal. For example Darrow, Harrison & Taffel [1939] 
Methods of analysis
The percentage of water in each tissue was calculated from the difference between the weights of the tissues before and after desiccation. Mean values for the watercontent of each tissue at each period of observation were established by pooling the results for each group of animals. These were then compared with the mean watercontent of the untreated animals, rats from the hooded strain being used as controls for the -oestradiol series, and albinos for the progesterone and deoxycorticosterone series. The significance of the differences between water-content of tissues before injection and at each observational period after injection was estimated by Fisher's ¿-test [Fisher, 1948] . Differences were regarded as significant when the likelihood that they were due to chance was less than 1 in 50. As a further check, if the figures for any one tissue over the 72 hr. failed to disclose a significant difference from the normal water-content at a value of less than 1 in 1000, they were submitted to an analysis of variance to discover whether or not they could be regarded as deriving from a homogeneous sample of observations. Fisher's analysis of variance, as described by Snedecor [1946] , was used. Where such an analysis suggested homogeneity (i.e. > 0·01), and none of the observed differences could therefore be regarded as statistically significant, the observations concerned have not been discussed below, although the figures are included in the tables.
RESULTS
With three exceptions, significant changes in water-content occurred in every tissue in all three series of experiments. The three exceptional cases in which an analysis of variance failed to reveal any significant change were the heart and brain after the injection of progesterone, and the gut after injection of all three hormones. The negative observations on the gut cannot, however, be taken to imply that no changes occur. In preparing the tissue for desiccation a standardized procedure was adopted for squeezing out the contents of the lumen. In spite of the care taken to equalize the effects of this treatment, it might well be that the procedure failed, either because the amount of fluid contents expressed varied or because a variable amount of mucosa was forced out by the stroke of the glass rod used. In view of this uncertainty, the figures for gut have been omitted from the statement of results. In the case of the heart, inspection of the signs of the observed differences suggests that the water changes in this tissue are similar to those observed in striated muscle after injection of progesterone, even though the differences are not statistically significant.
The figures for the water-content of the other tissues are given in Tables 1-8 . The data listed comprise (a) the mean value, (6) the number and (c) the variance for each group of observations. Our other computations have not been given to save space. Those that are included in the tables make it possible to estimate the significance of the differences between our various observations.
In every case where a significant change in water-content occurred, it occurred in two or three cycles over the observational period of 72 hr. The tissues have therefore been divided into classes according to the times at which the changes in water-content were observed. The classes are illustrated by idealized graphs which indicate the general form and magnitude of the changes observed (Figs. 1-7 (Fig. 3) .
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Pancreas, brain
The water-content of the pancreas and brain gradually increases, and is higher than normal between 24 and 30 hr. It then falls abruptly, and remains about normal until the 48th hour, when it rapidly increases, to reach a peak which may last until the 60th hour. It then falls to the normal value.
The time relations of the response of these two tissues appear to be almost identical with those of muscle. The extent of the water-shift differs, however, in the different tissues (Fig. 3) At 48 hr. the water-content of the vagina and pancreas is less than normal, but the difference is not significant. The water-content of uterus and skin varies by 3-4 % ; that of the vagina and pancreas by 1-2 %.
The water-content of these four tissues thus responds to progesterone in much the same way as muscle, pancreas and brain do to oestradiol (Fig. 3) . Gastrocnemius The maxima in the three-peak curve are all at the same level, being about 2% above normal for gastrocnemius, and 1 % for triceps (Fig. 4) .
Deoxycorticosterone series
The changes which occur in the water-content of tissues after deoxycorticosterone have a much shorter period than is observed after -oestradiol and progesterone. Thus in the 72 hr. after injection the tissues examined all showed at least three significantly distinct cycles of hydration and dehydration.
Uterus
The water-content of the uterus after deoxycorticosterone changes in three cycles.
It rises to a maximum 6 hr. after injection, but 6 hr. later is again at the normal level.
At 60 hr. it again rises, and returns to normal 12 hr. later.
At the peak of each cycle the water-content of the uterus is about 3-5 % above normal (Fig. 5) Although it is difficult to classify the responses of the tissues to deoxycorticosterone, it seems that the fluctuation in water-content follows roughly the same pattern in skin, vagina, pancreas and brain, but that the normal water-content is set at a different level for each of these tissues. An idealized curve for the changes in all these tissues is shown in Fig. 7 .
A striking feature of all the results is the loss of accumulated water by all tissues except the oestrogenized uterus 48 hr. after the start of the experiment, and a sub¬ sequent phase of hydration, with a maximum water-content between 54 and 66 hr.
DISCUSSION
These experiments suggest that -oestradiol, progesterone and deoxycorticosterone, in the amounts given, affect the water-content of probably all the tissues of the body. They also show that the time-relations and the magnitude of the water-shift differ both between different hormones and between different tissues. The most pronounced change in water-content after -oestradiol occurs in the uterus, and the time-relations of the water-shift in this tissue agree roughly with less conspicuous changes in the vagina and skin. The changes in striated muscle, heart muscle, pancreas and brain are, on the other hand, both slighter and at the same time reciprocal to those which occur in the reproductive organs. The inverse nature of the change is more obvious in the case of the uterus than in that of the vagina and skin. It is likely that if the uterine lumen were also taken into account, the shifts in the water-content of the organ would have appeared even more marked than they did.
After progesterone the changes in the reproductive organs and skin also appear roughly reciprocal to those which occur in muscle, although they appear to be in phase with those in the pancreas. The reciprocal character of the change is, however, not so well marked after progesterone as it is after oestradiol. It can be recognized only in the cycles of hydration and dehydration that occur between 6 and 48 hr. after injection. In this respect deoxycorticosterone appears to behave in much the same way as progesterone.
After progesterone the changes in the water-content of the uterus, vagina, skin and pancreas follow the same time cycle as those in non-reproductive tissues after -oestradiol. To some extent muscle also falls into the same pattern, but here the water-shift after progesterone occurs in three and not in two cycles. Deoxycortico¬ sterone, on the other hand, changes the water-content of the uterus in much the same way as does -oestradiol, in so far as its injection is followed by an immediate rise in water-content. After this rise, however, there occur two further cycles of hydration instead of the one which is characteristic of -oestradiol.
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Undue emphasis should not be placed on the magnitude of the changes observed in the present experiments. While neither Astwood [1938] nor Carroll [1945] provides a full statistical analysis of his observations, it is clear that a second rise in the water-content of the uterus did occur in their experiments, but that it was less than that in our own study, where it was as pronounced as the first rise.
The fact that the changes which progesterone induces in the water-content of the reproductive organs appear to be reciprocal to those caused by -oestradiol can be related to the observation that neither progesterone nor deoxycorticosterone will retain in the sexual skin water that has been previously deposited as a result of oestrogenic stimulation [Zuckerman, 1939; Gillman, 1942; Gilbert & Gillman, 1944] .
Moreover, Astwood [1939] reports that the effect of -oestradiol on the water-content of the rat uterus can be neutralized by the simultaneous administration of proge¬ sterone. On the other hand, the present observations suggest that he may be wrong in his view that ' corpus luteum hormone plays an insignificant role in increasing the weight of the uterus '. Progesterone has an effect on the water-content of the uterus, but the time-relations of the effect are different from those of -oestradiol.
Our information about the changes which occur in the electrolyte balance of the various tissues of the body after the administration of these hormones is far too limited to provide any explanation for the cycles of hydration and dehydration they induce. It is known [Thorn & Engel, 1938] that nitrogen retention is associated with the water and salt retention induced by oestrogenic and androgenic substances, but not with that due to progesterone or deoxycorticosterone. Furthermore, Talbot, Lo wry & Astwood [1940] have shown that the first phase of uterine oedema after oestrogen treatment is associated with a significant increase in the sodium, chloride and calcium content of the uterus, and that the subsequent period of what is described as 'protoplasmic growth' is associated with an increase in potassium, phosphorus and magnesium. Before, however, the phenomena described in the present paper can be fully interpreted, the field of inquiry clearly needs to be widened by more extensive studies of the effects of steroid hormones on the water and electrolyte content of tissues. Moreover, it is essential that the total water-balance of the animals concerned should be investigated, in order to determine whether the reciprocal changes which occur between various classes of tissues are sufficient to explain the water-shift in any one tissue. SUMMARY 1. The water-content of the following tissues of young female rats alters after a single injection of -oestradiol, progesterone or deoxycorticosterone acetate: uterine wall, vagina, skin, triceps muscle, gastrocnemius muscle, heart muscle, pancreas, brain.
2. The changes in water-content were measured at 6 hr. intervals over a period of 3 days following a single injection. In every case studied the water-content of the tissues increased and then decreased in two or three phases.
3. The changes which occur in the uterine wall, vagina and skin after -oestradiol to some extent vary inversely with those which occur in the other tissues. The same inverse relationship was observed, although not as clearly, during the first 48 hr. interval in the progesterone and deoxycorticosterone series. 
